Tetralogy of Fallot and persistent common atrioventricular canal each exhibit specific anatomical characteristics. While either condition may be associated with certain variations and/or other anomalies, it is uncommon to observe both conditions in the same heart. When the two are associated, each malformation has an influence in modifying the basic functional characteristics and the surgical challenges of the other. The result is an interesting entity.
Tetralogy of Fallot and persistent common atrioventricular canal each exhibit specific anatomical characteristics. While either condition may be associated with certain variations and/or other anomalies, it is uncommon to observe both conditions in the same heart. When the two are associated, each malformation has an influence in modifying the basic functional characteristics and the surgical challenges of the other. The result is an interesting entity.
Only a few cases have been reported in which tetralogy of Fallot was associated with the complete type of persistent common atrioventricular canal. For this reason, we were stimulated to describe our clinical and pathological obervations in our cases of tetralogy of Fallot associated with persistent common atrioventricular canal.
Subjects and methods
Thirteen cases with the characteristic anatomical features Received io August 1973. 'This study was supported by a Public Health Service Research grant and a Research Training grant from the National Heart and Lung Institute. of tetralogy of Fallot and a form of persistent common atrioventricular canal were available for study. The cases were divided into two groups according to the type of abnormality derived from the endocardial cushion tissue. Group I consisted of 8 cases in which the persistent common atrioventricular canal was of the complete type according to the definition of Wakai and Edwards (I958) . Group II consisted of 5 cases in which formes frustes of persistent common atrioventricular canal were present. In 4 of these cases (group Ha), the malformation of the atrioventricular canal was represented simply by a cleft in the septal leaflet of the tricuspid valve and, in the fifth case (group IIb), by an atrial septal defect of the atrioventricular canal type (ostium primum).
Observations
The ages of the 8 patients in group I varied from 5 weeks to 26 years. Seven were female. Five patients exhibited Down's syndrome; 4 of these 5 were female. The outflow tract of the right ventricle showed various abnormalities. Valvular pulmonary stenosis was present in 9 patients, the pulmonary valve being bicuspid in 6 and dome-shaped in 3. The pulmonary valve was atretic in 2 patients and normal in the remaining 2. Infundibular narrowing was present in each patient. In IO this was in the form of infundibular stenosis, in one patient a stenosing ring was present 8 mm below the pulmonary valve, and in the remaining 2 patients, each of whom had pulmonary valvular atresia, the right ventricular outflow area was hypoplastic.
The special characteristics of the abnormality of the endocardial cushion follow.
Classical persistent common atrioventricular canal (group I) In the 8 patients who exhibited the complete type of persistent common atrioventricular canal, the atrial septum was deficient, with the defect lying anterior and inferior to the fossa ovalis. The superior border of the atrial defect was formed by the arched inferior margin of the septum primum. In each, the atrial defect was continuous with a deficiency in the upper portion of the ventricular septum. The defects continued through clefts in the anterior leaflet of the mitral valve and the septal leaflet of the tricuspid valve. The result was the formation of a large anterior and a smaller posterior leaflet for the common atrioventricular orifice (Fig. ib) .
Formes frustes of persistent common atrioventricular canal (group II) The atrial septum was intact in the 4 patients in group IIa, but a cleft in the septal leaflet of the tricuspid valve represented the endocardial cushion abnormality (Fig. 2) . The depth of the cleft was variable, extending from halfway through the septal leaflet to the annulus. It divided the septal leaflet into an anterior and 
Radiographic findings
The thoracic x-ray was believed to be classical for tetralogy of Fallot in 4 patients, 2 of whom showed a complete form of atrioventricular canal (Fig. 4) . In the remaining patients, the cardiac silhouette, though characteristic for tetralogy of Fallot, showed mild to moderate cardiomegaly. The cardiac apex was upturned and the pulmonary artery segment was concave. The pulmonary vasculature was diminished in I2 patients and normal in the remaining patient.
Electrocardiographic findings Left axis deviation was found in each of the patients with the complete form of common atrioventricular canal. The mean QRS axis in the frontal plane ranged from -go' to + I70° (Fig. 5) In contrast, only i patient in group II showed left axis deviation and counterclockwise rotation of the loop (Fig. 7) . The other 4 showed clockwise rotation and right axis deviation. The isolated cleft in the septal leaflet of the tricuspid valve, present in 4 of our cases, represents the minimal manifestation of atrioventricular canal malformations. These cases were included for 3 reasons: (i) the type of involvement of the septal leaflet of the tricuspid valve was typical of that seen in atrioventricular canal malformations; (2) Down's syndrome which is commonly associated with malformations of the atrioventricular canal was present in i of these 4 cases; and (3) in i of these 4 cases the electrocardiogram (Fig. 7) was typical of that seen in malformations of the atrioventricular canal.
Comment

Clinical features
Clinically, the patients presented with symptoms and signs typical of tetralogy of Fallot. Certain features need to be emphasized, however.
Down's syndrome is frequently associated with this combination of anomalies. Of our I3 patients, 6 showed features of Down's syndrome: 5 of the 6 were from group I and i from group II. In I4 of the 24 patients with tetralogy of Fallot and persistent atrioventricular canal, whose cases have been reported elsewhere, the presence or absence of Down's syndrome is known, and 6 of these showed features of Down's syndrome. Of these 6 patients, 5 had the complete type of persistent common atrioventricular canal.
The sexes are equally represented or there is slight male predominance in tetralogy of Fallot, whereas female cases predominate when tetralogy is associated with atrioventricular canal malformations. Of our I3 patients, I0 were female. Of the 20 reported cases of this association, in which sex is known, I5 were female.
Physical examination suggests tetralogy of Fallot and is mostly unrewarding in suggesting the presence of an additional atrioventricular canal malformation; The systolic murmur, however, tends to be louder and more widely radiated than in uncomplicated tetralogy of Fallot. A separate regurgitant systolic murmur of tricuspid or mitral regurgitation was not described in any of our cases. The Fig. 4 and 6) be suspected, but is difficult to prove at cardiac catheterization. Cineangiograms, however, were diagnostic in group I. They showed the typical goose-neck appearance secondary to the pronounced deficiency of the ventricular septum in left ventriculograms (Fig. 8) . A right ventriculogram will identify the tetralogy (Fig. 9) . The diagnosis in group II cases may be difficult even with angiography. Evidence of tricuspid regurgitation in right ventriculograms, however, may suggest the diagnosis (Fig. io) . When the tetralogy is associated with complete common atrioventricular canal, the problem with regard to the ventricular septal defect is more complex. In the first place there is the major and characteristic deficiency of the septum peculiar to the atrioventricular malformation. In the second, the aorta exhibits the biventricular origin characteristic of tetralogy.
Surgical procedures
For surgical correction, therefore, one step is to enlarge the ventricular septum while the other is to close the communication of the right ventricle with the aorta.
We became aware of this problem when examination of a case at necropsy showed a residual ventricular septal defect, whereas the surgeon felt that it had been closed completely (Fig. ii) .
The differences between an uncomplicated ventricular septal defect, that of tetralogy of Fallot, and that of tetralogy of Fallot with the complete type of persistent common atrioventricular canal, are diagrammatically represented in Fig. I2 Addendum Since completion of this manuscript, we have observed an additional case in which tetralogy of Fallot was associated with certain features of the persistent common atrioventricular malformation. This case is summarized below.
The clinical diagnosis in this 8-year-old boy was tetralogy of Fallot. There were no features of Down's syndrome. The electrocardiogram showed a mean frontal plane QRS axis of a + 1700, with a clockwise frontal plane loop and right ventricular hypertrophy. The thoracic radiograph was typical for the tetralogy. The patient died three days after complete correction of tetralogy of Fallot.
At necropsy, the heart showed classical features of tetralogy of Fallot in addition to certain features of persistent common atrioventricular canal. The latter took the following forms. While the atrial septum was intact, there were discontinuous clefts within the anterior mitral and septal tricuspid leaflets. The latter two valves were continuous through the ventricular septal defect. The anterior mitral leaflet was attached to the ventricular septum by short chordae resulting in subaortic stenosis.
Comments
The findings of this case further illustrate that a wide spectrum of atrioventricular canal defects may be associated with tetralogy of Fallot.
Requests for reprints to Dr. J. E. Edwards, Department of Pathology, United Hospitals-Miller Division, 125 West College, St. Paul, Minnesota 55I02, U.S.A.
